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Samples of structural and covering market available building materials from Ramsar, a northern city of Iran, were
analyzed for their radon exhalation rate using an active radon gas analyzer with an emanation container. The radon
exhalation rate varied from below the minimum detection limit of 0.01 to 0.31 Bqm−2h−1 with an average of
0.08 Bqm−2h−1. The 226Ra, 232Th, and 40K contents were also measured using a high resolution HPGe gamma-ray
spectrometer system. The radionuclides contents varied from below the minimum detectable activity up to 73.5,
169, and 1,350 Bq.kg−1, with the average value of 16 ± 6, 25 ± 11, and 280 ± 101 Bq.kg−1, respectively. It was
concluded from the results that some granite samples along with the block sample were the main source of radon
exhalation rate, and the mean values of 226Ra, 232Th, and 40K in building material samples are below the world
average values. Therefore, the use of these market available building materials in construction of Ramsar dwellings is
considered to be safe for human habitation.
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Natural radionuclides are present everywhere in the en-
vironment, and they constitute the greatest percentage of
human exposure to ionizing radiation [1]. The main nat-
ural contributors to external exposure from gamma rays
are 226Ra, 232Th, and 4K. In a typical environment, their
respective contribution to radiation exposure is about
13.8% for 4K, 55.8% for 226Ra, and 14% for 232Th [2].
In addition to soil and water sources of indoor radon,
construction materials can be a significant contributor.
222Rn is a daughter of 226Ra and is in turn derived from
the longer-lived antecedent 238U. Since most materials con-
tain 238U, therefore, any material can be a potential radon
emitter. However, some materials have higher concentra-
tions of 238U and 226Ra such as alum shale and black shale.
Certain granites are typical of uranium-bearing natural
materials, but it is always possible to find uranium-rich
bedrocks of different types used locally as building* Correspondence: ebavarnegin@guilan.ac.ir
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medium, provided the original work is properlymaterials. Construction materials are sources of airborne
radioactivity and external radiation from the decay series of
uranium in buildings. Exhalation of radon (222Rn) from
these materials is of interest since the short-lived decay
products of radon are the greatest contributors to the lung
dose of inhaled radionuclides [3]. Even though radon inlet
into houses is a complex process involving building materi-
als, soil, gas, water, and weather-related factors, 226Ra in
construction materials may be in some cases the predom-
inant source. Much of the radon is released from the ra-
dium trapped in the mineral grains in building materials.
In building materials with high radium levels, the radon
exhalation may become of major importance [4]. Areas
with unusually high background (high background radi-
ation areas (HBRAs)) are found in Yangjiang, China;
Kerala, India; Guarapari, Brazil, and Ramsar, Iran. The
high background radiation in the Ramsar can be consid-
ered to be due to the presence of considerable amount
of 226Ra along with its decay products brought to the
earth surface by numerous hot springs [5,6].
Over the years, radon exhalation from building materi-
als has been the subject of many studies [7-12]. The mainis an Open Access article distributed under the terms of the Creative Commons
g/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any
cited.
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ation rate from numerous constructions and covering
building material samples used in Ramsar.
Methods
Sixteen commonly used structural and covering market
available building materials were collected randomly from
sites where housing and other buildings were under con-
struction and from building material suppliers in Ramsar.
The study area is situated in the north of Iran, between
longitudes 50°21′ to 50°46′ east of the Greenwich meridian
and latitudes 36°34′ to 36°58′ north of equator (Figure 1).
The commonly used building materials were marble,
granite, brick, travertine, block, concrete, gypsum, and
mosaic. Samples were prepared in a way that their vol-
ume and surface were calculable. The surface of sam-
ples varied from 116 to 1,040 cm2, and their volume
varied from 120 to 82,720 cm3.
Measurement of radon exhalation rate
A radon gas analyzer-type AlphaGuard 2000 from Geni-
tron Instruments (Germany) was used to measure radon
emanation from the samples. AlphaGuard is an
ionization chamber. The radon analyzer and the building
material samples (Figure 2) were placed one at a time in
an emanation and calibration cylindrical containerFigure 1 Location of Ramsar in Iran and Mazandaran province.consisting of a firm corrosion-resisting stainless-steel
container with a removable gas-tight lid (Figure 3). Its
volume was 50.1 × 10−3 m3. The lid was equipped with
three gas-tight electric ducts. One duct server, together
with a special charger, was used as a power supply for
the radon analyzer. The second duct was used to con-
nect the fan on the middle of the inner side of the lid to
the power supply by means of a power adapter. The fan
was used to ensure an even distribution of the radon em-
anation from the sample in the interior of the container.
The third duct provided communication between the gas
analyzer in the interior of the container and an external
PC. The concentration of radon emanated from each
building material sample inside the emanation container
was allowed to build up with time, and it was measured
in 1 h cycles for an average time of 48 h.
The buildup of radon activity inside the emanation
container follows the equation below:
At ¼ A0 1−e−λt
  ð1Þ
where λ is the decay constant of the nuclide concerned,
and A0 is the total value of the activity at t approxi-
mately 7 T1= 2, which is approximately 27 days for
radon. Via computer software program for curve-fitting
the radon buildup, a sufficiently exact extrapolation of
Figure 2 Some prepared samples for putting inside of calibration container to measure radon exhalation rate.
Figure 3 Schematic diagram showing the active setup used for the exhalation measurements of samples with AlphaGuard.
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Table 1 Measured radionuclide concentration and radon exhalation rate in samples
Code of market
available samples
Samples type 226Ra (Bq.kg−1) 232Th (Bq.kg−1) 40 K (Bq.kg−1) E (Bq.m-2 h−1)
M1 Marble <aMDA <aMDA <aMDA bND
M2 Granite 13.8 ± 0.8 10.2 ± 1.1 204 ± 6.1 0.07 ± 0.01
M3 Brick 41 ± 3.4 31.2 ± 2.9 491 ± 46.2 0.19 ± 0.02
M4 Gypsum 12± 2 11 ± 1.9 <aMDA bND
M5 Marble <aMDA <aMDA 22.2 ± 12 bND
M6 Marble <aMDA <aMDA <aMDA bND
M7 Travertine <aMDA <aMDA <aMDA bND
M8 Granite <aMDA <aMDA 61.2 ± 13.1 bND
M9 Marble <aMDA <aMDA 15.1 ± 3.9 bND
M10 Granite 45.2 ± 3.7 83.9 ± 6.6 1,020 ± 91.6 0.28 ± 0.30
M11 Travertine <aMDA <aMDA 4.44 ± 3.9 bND
M12 Mosaic 7.1 ± 0.7 4.33 ± 0.9 74.9 ± 4.6 0.04 ± 0.01
M13 Block 27.0 ± 2.5 30.4 ± 2.8 297 ± 29.3 0.31 ± 0.03
M14 Brick 35.7 ± 3 37.1 ± 3.3 571 ± 52.4 bND
M15 Concrete <aMDA 22.5 ± 1.2 381 ± 8 0.23 ± 0.03
M16 Granite 73.5 ± 5.6 169 ± 12.7 1,350 ± 121 0.24 ± 0.03
aMDA, minimum detectable activity; bND, not detectable.
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−3 was achieved, and the per-
centage divergence was calculated. The radon exhalation
rate of samples, E, is defined as the flux of radon
released at the surface of the material. This was calcu-
lated using the following formula [13]:
E ¼ A0 λVS ð2Þ
Where λ is the decay constant of radon (7.567× 10−3
h−1), V is the effective volume of calibration container
(m3), and S is the surface of samples (m2).Figure 4 Frequency distribution of radon exhalation rates from sampEffective Volume = (Volume of calibration container)–
(Volume of AlphaGuard + Volume of sample).
Measurement of radionuclide concentration in building
materials
To determine the radionuclides concentration, samples
were ground to fine powder with a particle size of less
than 1 mm. Three hundred grams of samples were
sealed in to a polyethylene cup for gamma spectrometry.
The measurement were carried out after 4 weeks to be
sure that secular equilibrium between 226Ra and its
daughters had been reached. The specific activities wereles.
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a high purity germanium (HPGe) detector, that its rela-
tive efficiency was 40% with a resolution of 1.87 keV
at 1.332 MeV. Assuming secular equilibrium in the ur-
anium and thorium decay series, the 226Ra was deter-
mined by means of its progeny photo peak, 214Bi
(609 keV), and 232Th was analyzed by means of its
progenies photo peaks, 208Tl (583 keV) and 228Ac
(911 keV). The activity of 40K was measured directly
through its 1,461 keV peak. The minimum detectable
activity (MDA) for 226Ra, 232Th, and 40K are estimated
to be 1.39, 3.04, and 28.3 Bq.kg−1, respectively. Cali-
bration sources used were IAEA reference materials
RGU-1, RGTh-1, and RGK-1.
Results and discussion
Radon exhalation rate was measured for numerous mar-
ket available building materials of Ramsar using the
radon gas analyzer. The radionuclide contents were also
measured using a high resolution HPGe gamma-ray
spectrometer system. The world average specific activity
values of 226Ra, 232Th, and 40K are 35, 30, and 400 Bq.
kg−1 respectively, as reported by UNSCEAR 2000 [14].
The specific activities of 226Ra, 232Th, and 40K in study
samples varied from below the minimum detectable ac-
tivity up to 73.5, 169, and to 1,350 Bq.kg−1, with the
average value of 16 ± 6, 25 ± 11, and 280 ± 101 Bq.kg−1,
respectively. The natural radionuclide contents and
radon exhalation rate in samples are presented in
Table 1. The radon exhalation rates varied from below
minimum detection limit of 0.01 to 0.31 Bq.m−2 h−1 with
an average value of 0.08 Bq.m−2 h−1. Radon exhalation
rate in all samples are below 0.35 Bq.m−2 h−1. Samples like
travertine, marbles, gypsum, and even some granite sam-
ples did not show significant radon exhalation which indi-
cates that they did not contain detectable traces of
radium. The low exhalation of marbles supports the find-
ings of Al-Jarallah et al. [9]. Radon exhalation rate in block
is higher than other samples. It can be because of the por-
osity in block. The high exhalation rate in some granite
samples also supports the findings of Al-Jarallah et al. [9].
Frequency distribution of radon exhalation rates from
samples is also exhibited in Figure 4. According to this
figure, radon exhalation rate in 62.5% of samples are
below 0.05 Bq.m−2h−1.
Conclusions
Geological materials usually contaminated with naturally
occurring radioactive materials (NORM) have become a
focus of great attention. These NORM under certain
conditions can reach hazardous contamination levels.
Some contamination levels may be sufficiently severe
that precautions must be taken. Sixteen commonly mar-
ket available building materials, which nowadays areused in Ramsar, were analyzed for their natural radio-
activity and radon exhalation rate. Natural radionuclides
concentration in building material samples vary accord-
ing to the type and origin of the building materials. Most
building materials contain small amounts of NORM. The
obtained results indicate that the mean of specific activ-
ities in collected samples are less than the world average
of 35, 30, and 400 Bq.kg−1 for 226Ra, 232Th, and 40K, re-
spectively, as reported by UNSCEAR [14]. Radon exhal-
ation rates in concrete, in some granite, and in block are
more than other samples. However, marble and travertine
samples indicate low radon exhalation rate.
It can be concluded as well from the results obtained
in the current work that the mean values of 226Ra, 232Th,
and 4K of building material samples are all well below
the world average. Therefore, the use of these building
materials in construction of Ramsar dwellings is consid-
ered to be safe for human habitation. In view of the
above results, these building materials are quite safe to
be used for residential construction in the Ramsar.
Since only few samples of market available building
materials have been investigated in the current work,
local building materials, accompanying these samples,
from different areas of Ramsar are also being investi-
gated in a further study in order to get more representa-
tive values for the level of naturally occurring radioactive
materials in construction materials, which will be useful
for establishing a national standard on radioactivity of
building materials in Ramsar [15].
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